Four samples of Ligularia virgaurea collected in China afforded three new eremophilane sesquiterpenoids, one new norsesquiterpenoid, and two new dinorsesquiterpenoids as well as 28 known compounds. All the four samples belonged to the ligularol type (L type), one of the five chemotypes we have described for this species. The configuration of the previously reported eremophila-7(11),9-dien-12,8-olide is revised to be H-8. The absolute configuration of ethyl 8-oxoeremophila-7(11),9-dien-12-oate was established to be 4S,5R by a DFT calculation.
We have been studying both the chemical constituents and DNA sequences of many Ligularia plants growing in China, particularly in Yunnan, Sichuan, and surrounding areas [1] . Intra-specific diversity has been found in many Ligularia species [1] . L. virgaurea (Maxim.) Mattf. has a particularly high diversity. We have found five chemotypes, virgaurenone (V), ligularol (L), cacalol (C), neoadenostylone (N), and 6-hydroxyeuryopsin (H) types. These chemotypes are correlated with clades based on the sequence of the internal transcribed spacers in the ribosomal RNA locus (clade A, L type; clade B, V and H types; clade C, C and N types) [2] [3] [4] [5] . In this report, we describe a detailed study on the chemical composition of four L type samples collected in southwestern Sichuan province of China around 4000 m in elevation (Table 1 ). The EtOAc extracts were subjected to silica gel column chromatography and HPLC and six new compounds, 1-6, and 28 known compounds, 7-34, were obtained. The structural elucidation of the new compounds was performed as follows. Compound 1 showed a quasi-molecular ion peak at m/z 237 and the molecular formula was determined to be C 14 H 20 O 3 from HRCIMS and 13 C NMR data (Table 2) . Its IR absorption indicated the presence of carbonyl group(s), which was supported by 13 C NMR signals at c 201.9 and 200.5 ( Table 2 ). The number of carbon signals was 14 and the degree of unsaturation was five; therefore, this compound was judged to be a tricyclic norsesquiterpenoid. Its 2D spectra (Fig. 1 ) indicated that this compound was a noreremophilane with an epoxide at C-6/C-7 and two carbonyl groups at C-8 and C-11. NOE was detected between H-6 and H 3 -15, between H-6 and H-4, between H-10 and H 3 -14, and between H 3 -14 and H 3 -15, and indicated that the epoxide and two methyl groups were -oriented. The molecular formula of compounds 2 and 3 were determined to be C 17 H 24 O 3 and C 18 H 26 O 3 , respectively, from HRCIMS and 13 C NMR data ( Table 2) . Its 1 H NMR spectrum (Table 2) showed the presence of an acetyl group and an olefinic proton for both compounds. HMBC and COSY correlations (Fig. 2 ) suggested that these compounds had a 6/5 membered ring system with an acetyl group at C-7 and a 2-methylpropenoyloxy group (compound 2) or an angeloyloxy group (compound 3) at C-3. NOE was observed -15 , and between H-3 and H-4 indicating that the two rings were cis-fused and the substituent at C-3 was -oriented (axial). This structure was further supported by the appearance of H-3 as a quartet (J=3 Hz). 1 H and 13 C NMR data of compounds 1-3 (in C 6 D 6 ). Table 3 : 1 H and 13 C NMR data of compounds 4-6 (in C 6 D 6 ).
a,b,c,d) Assignments may be interchanged.
The 1 H NMR spectrum (Table 3) 3) carbons. Therefore, this compound was judged to be bicyclic. HMBC and COSY spectra indicated an eremophilane skeleton with an ethoxy group at C-12 and a 2-methylpropenoyloxy group at C-3 position. The conformation of compound 4 was deduced as shown in Fig. 3 , because NOE was observed between H 3 -14 and H-9, between H 3 -14 and H-10, between H 3 -14 and H 3 -15, between H-6 and H-4, between H-6 and H-, and between H-6 and H-11. The configuration of the ester group at C-3 was determined as -oriented, because H-3 appeared as multiplets with W 1/2 =17.7 Hz (axial). 3-Angeloyloxy-8-oxoeremophil-6-en-12-oic acid has been known [6] ; however, an ethyl ester with a 2-methylpropenoyloxy group at C-3 is new, to the best of our knowledge. Compounds 5 and 6 were obtained as a mixture, and their structures were analyzed without further separation. The mass spectrum of the mixture showed a molecular ion peak at m/z 350 and their chemical formula was determined to be C 19 H 26 O 6 from HRMS and 13 C NMR data ( Table 3 ). The IR spectrum indicated the presence of hydroxy (3459 cm ), and ester (1720 cm -1 ) groups. An exomethylene group, oxymethine protons, and eight methyl groups were detected in their 1 H NMR spectrum (Table 3 ). An analysis of 2D NMR spectra suggested that the mixture consisted of two eremophilane-type lactones with the same planar structure as shown in Fig 4. A 2-methylpropenoyl group was attached at C-3 position and a hydroxy group at C-6. NOESY showed that another hydroxy group attached at C-8 was, -oriented in compound 5 and -oriented in compound 6. For compound 5, NOE was detected between H-6 and H-3 and between H-6 and H-4 [ Fig. 4(b) ], indicating a non-steroidal conformation of this compound [7] . These results and NOE correlations between H-10 and H 3 -14 and between H-10 and H 3 -15 showed the cis stereochemistry of rings A and B. For compound 6, NOE was observed between H-6 and H 3 -15, between H-6 and H 3 -13, and between H-10 and H 3 -14, indicating that rings A and B were cis fused and that the conformation of 6 was steroidal as shown in Fig. 4 (c) . Hence, the OH at C-8 of 6 was established to be -oriented [7] . Other compounds, 7-34, were identified by comparing their spectroscopic data with those of compounds isolated by us and their sources are listed in Table 1 . It should be noted that the configuration of H-8 in compound 22 [8] , originally reported to be  by Bohlmann et al., should be revised to  as depicted in the structural formula above, because NOE was observed between H-8 and H-6. Compounds 4 seems to be an artefact generated from the corresponding acid. The absolute configuration of compound 12 [9] , ethyl 8-oxoeremophila-7(11),9-dien-12-oate, was established to be [4] . This is the second isolation of the compound from L. virgaurea, raising the possibility that this species could be an original plant of a Chinese drug 'Shanziyuan' ('San-Shion' in Japanese) [10] in addition to L. veitchiana and L. latihastata [11] .
Experimental
General: Specific rotations and CD spectra, a JASCO DIP-1030 and a JASCO J-725 auto recording polarimeter; IR spectra, a Shimadzu FT/IR-8400S spectrophotometer with the Diffuse Reflectance method; 1 H and 13 C NMR spectra, a Varian 500-MR (500 MHz and 125 MHz) or a Unity 600 (600 MHz and 150 MHz) spectrometer. Mass spectra, including high-resolution ones, a JEOL JMS-700 MStation. Chemcopak Nucleosil 50-5 (4.6×250 mm) (a JASCO pump system) was used for HPLC with a solvent system of hexane-ethyl acetate. Silica gel 60 (70-230 mesh, Fuji Sylisia) was used for column chromatography. Silica gel 60 F 254 plates (Merck) were used for TLC.
Plant materials: Samples were collected in August, 2005 August, , 2009 , and 2012 at the locations shown in Table 1 
Extraction and purification:
The roots of each sample were dried, cut into pieces, and extracted with EtOAc to afford extracts. Compounds therein were separated by silica-gel column chromatography (CC) (hexane-EtOAc) and HPLC (Nucleosil 50-5 and TSK-GEL G1000H HR ; hexane-EtOAc) to isolate each compound.
The roots of sample 1 (2005-32) (dry weight 19.0 g) gave an extract (521.9 mg), which was subjected to CC and HPLC to isolate 9 (3.8 mg) [12] , 10 (3.2 mg) [12] , 13 (36.7 mg) [13], 14 (8.8 mg) [14] , 15 (1.4 mg) [15] , 17 (0.8 mg) [16] , 19 (12.1 mg) [17] , 21 (0.8 m) [18] , and 23 (5.7 mg) [2] . [12] , and 29 (4.6 mg) [20] . The roots of sample 3 (2009-36) (dry weight 27.6 g) gave an extract (3747.8 mg), which was separated to isolate 1 (1.0 mg), 2 (5.5 mg), 3 (2.1 mg), 4 (1.1 mg), 7 (2.4 mg) [ [4] , 27 (37.6 mg) [2] , 28 (6.9 mg) [4] , 29 (3.6 mg), 30 (0.9 mg) [20] , and 34 (6.5 mg) [25] .
The roots of sample 4 (2012-16) (dry weight 4.5 g) gave an extract (835.4 mg), which was separated to isolate 2 (2.2 mg), 5, 6 (1.5 mg), 7 (0.7 mg), 9 (24.7 mg), 17 (6.6 mg), 20 (7.3 mg) [23] , 25 (0.3 mg), 26 (8.7 mg), 27 (8.5 mg), 31 (1.2 mg), 32 (1.0 mg) [26] , and 33 (0.6 mg) [27] . 
